Background: Although methicillin-resistant Staphylococcus aureus (MRSA) colonization is common in chronic obstructive pulmonary disease (COPD) patients, its effect on the course of COPD hospitalization remains unknown. Methods: Records of 160 patients hospitalized at our institution January 1, 2008 to May 1, 2010 with acute exacerbations of COPD who were screened for MRSA were examined and outcomes from their hospitalizations were quantified. Results: Of the 160 patients, 33 (20.6%) were MRSA colonized on screening. These patients had similar demographics, spirometry, Charlson Indexes, and APACHE-II scores when compared to patients who were not MRSA colonized (n=127), but MRSA colonized patients had more hospitalizations within the 2 years prior to admission (2 [ 
Introduction

Keywords:
methicillin-resistant Staphylococcus aureus colonization; chronic obstructive pulmonary disease; COPD; hospitalization outcomes Hospitals worldwide routinely screen patients for colonization with methicillin-resistant Staphylococcus aureus (MRSA). This has been prompted by the proliferation of colonization among hospitalized patients and as a method of preventing nosocomial transmission of this potentially virulent organism.
1
Screening protocols and isolation of colonized patients have been found in some studies to be cost effective, as they prevent the development of nosocomial infections. Additionally, the cost of surgical site, vascular catheter, and urinary catheter-associated infections with this and other health care-associated organisms is no longer reimbursed by public insurance in the United States.
3
Lower airways colonization with bacterial pathogens has been shown to increase the incidence of acute exacerbations of COPD (AECOPD). 4 AECOPDs are known to result in increased health care utilization, hospitalization, mortality, and poor health-related quality of life which can persist after resolution of exacerbation.
5 To our knowledge no data exist on how colonization with MRSA affects patients with COPD, although adverse outcomes of colonization have been demonstrated in patients with cystic fibrosis (CF), including decline in forced expiratory volume in 1 second (FEV1), worse radiographic appearance, and increased use of antibiotics. 6, 7, 8 We performed a retrospective cohort study of COPD patients hospitalized with an acute exacerbation who were screened for colonization with MRSA to determine the impact of MRSA colonization on outcomes. We hypothesized that MRSA colonization would increase length of hospital stay, antibiotic use, and need for ventilatory support and intensive care in hospitalized patients with COPD.
Materials and Methods
Patient Population
After approval by our institutional review board, charts of consecutive patient visits coded for COPD were identified using a search of hospital records at our institution for International Classification of Diseases, Ninth Revision (ICD-9) Codes 490-496. Individuals were 40-99 years of age and admitted between January 1, 2008 and May 1, 2010 for AECOPD.
Admission criteria were determined by chart review. All patients had a physician's diagnosis of AECOPD. Criteria for the diagnosis of COPD included ≥ 10 pack years of smoking, a documented physical examination and medication list consistent with COPD, and a chest radiograph without findings suggesting an alternative diagnosis. Criteria for AECOPD included the presence of at least 1 documented symptom including increased dyspnea or cough and increased or changed sputum production.
Patients with a concomitant diagnosis of pneumonia, bacterial tracheobronchitis or rhinosinusitis, or systemic inflammatory response syndrome (SIRS) were excluded. Additional exclusion criteria included absence of an MRSA screening test, current cancer diagnosis, dialysis or serum creatinine > 2.5 mg/dL, human immunodeficiency virus (HIV) infection, prior organ transplant, and hospice or comfort care status during the hospitalization. These were selected to reduce factors that influence hospitalization outcomes. See Figure 1 .
Determination of MRSA Colonization
All MRSA screening tests were performed by microbial culture. BBL™ CultureSwabs™ were used to collect the sample from the nares, or Lukens Tubes / sterile collection cups for sputum samples within 2 hours of admission. These samples were then plated onto BBL™ CHROMagar™ MRSA II Plates and incubated for 24 hours at 35-37˚C in a dark environment free of carbon dioxide. Colonies suspected to be MRSA were then confirmed using Patorex™ Staph Plus agglutination tests. If no colonies were found the plate was incubated for an additional 24 hours before confirming the absence of MRSA. Patients were considered MRSA colonized if the screening nasopharyngeal swab or sputum sample contained MRSA but did not meet clinical criteria for infection as described above.
Some patients underwent screening using both sputum sample and nasopharyngeal swab. Only if both modalities revealed positive results was the patient deemed colonized with MRSA. No patient with discordant sputum and nasopharyngeal swab results was included in this study. All patients with positive screening tests for MRSA colonization were placed on contact isolation.
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Data Collection
Data from the hospitalization selected using the criteria above, and prior hospitalizations when present, were collected by chart review by the investigator (E.N.), who was blinded to MRSA colonization screening test results. When available, spirometry results were obtained using an electronic database of studies performed at our institution within 1 year prior to the index hospitalization. All spirometry was performed according to American Thoracic Society / European Respiratory Society standards.
9
Data on risk factors associated with MRSA colonization were also collected. These include socioeconomic status, prior history of hospitalization, residence in a long-term care facility, and diabetes mellitus.
10 In order to estimate socioeconomic status, we collected the postal code of each patient and used demographic data from the 2000 U.S. Census for the area to estimate median local household income. Postal codes with an average annual household income < 30,000 U.S. dollars were considered low income. We evaluated the effect of prior hospitalization by analyzing the prevalence of hospitalizations within 1 year prior to the index hospitalization. We then evaluated all most recent prior hospitalizations for specific risk factors for colonization with MRSA, including length of stay, antibiotic use, invasive or noninvasive ventilation, and need for intensive care. Hospitalizations at other institutions were not identified.
Data regarding the severity of disease were also collected. An Acute Physiology and Chronic Health Evaluation -II (APACHE-II) score and a Charlson Comorbidity Index was calculated for each patient at the time of admission. The radiologist's reports of admission chest radiographs were also evaluated for evidence of underlying parenchymal lung disease. Finally, to account for other variables in severity of illness and health status, we quantified the number of additional medical diagnoses noted in each patient's chart.
Treatment failure was the primary outcome, and represented a composite variable of need for ventilation (either invasive or non-invasive) or need for intensive care. Additionally, we collected data on length of stay, days of antibiotic treatment, 30 day readmission rates, and inpatient mortality.
Data Analysis
Data were analyzed using JMP-10 / SAS (Cary, North Carolina). Pearson's Chi-squared test was used for nominal variables. Unpaired t-test was used for continuous variables. Non-parametric data were analyzed using the Wilcoxon rank-sum test. All data are presented as percentage, mean ± standard deviation (SD), or median and interquartile range where indicated. P-values <0.05 were considered statistically significant.
Results
A total of 362 patient charts were examined. Of these, 202 patients were excluded, mostly due to no MRSA screening test performed, as demonstrated in Figure 1 . Of the 160 patients meeting criteria for our study, 33 (20.6%) were MRSA colonization positive (MRSA +).
Demographic data for MRSA + patients were similar to patients screening negative for MRSA (MRSA -). Table 1 includes these results. Data on previous hospitalizations, which were more frequent in MRSA + patients, are also presented in Table 1 present per patient, the diagnosis of diabetes mellitus, and prior residence in a long-term care facility did not differ significantly between groups. No differences were noted in severity of lung disease as measured by spirometry, when available. White blood cell counts and the prevalence of underlying parenchymal lung disease did not differ between groups. Severity of illness, as quantified by the Charlson Index and APACHE-II Score, was also not different between groups. Table 2 shows the analysis of the most recent
Discussion
Patients colonized with MRSA, as determined by prior hospitalizations, when present. During prior hospitalizations, MRSA + patients had longer lengths of stay and were at any time in their hospitalization more likely to require noninvasive positive pressure ventilation (NIPPV).
MRSA + patients were more likely to have respiratory failure (NIPPV or invasive ventilation) or to require intensive care. Figure 2 illustrates the significant differences in the primary outcome between groups. A composite variable of these was our primary outcome. The odds ratio for the primary outcome in MRSA + patients was 2.61 (95% confidence interval [CI] 1.16-5.87). nasopharyngeal swab or by sputum culture, have similar demographic characteristics with MRSA-patients. However, they require longer lengths of stay and more antibiotics when hospitalized for AECOPD. They are also more likely to fail treatment and require NIPPV or intensive care. These findings are strengthened by the collection of additional data, including the prevalence of risk factors for MRSA, spirometry, and indexes of disease severity. Given that MRSA colonization is known to be more common in patients with poorer socioeconomic status, diabetes mellitus, and frequent hospitalization, 10 data on these risk factors were analyzed in addition to standard demographic data. APACHE-II scores and Charlson indexes were also collected to estimate the severity of disease, due to concern that patients colonized with MRSA would have a greater severity of illness at baseline. Spirometry, chest radiographs, admission white blood cell count, and partial pressure of arterial CO2 (PaCO2) were similarly not different between groups, suggesting that MRSA colonization is a unique variable, independent of disease severity, which predicts worse outcomes in patients with COPD. These data illustrate poor outcomes during hospitalizations in patients admitted with AECOPD who are colonized with MRSA. This supports the hypothesis that MRSA may be a harmful colonizer in patients with COPD and corroborates previously published data on the detrimental effects of airways colonization with other organisms.
4
Research has revealed that some bacteria evoke a greater pulmonary inflammatory response than others.
11 MRSA in particular has been studied thoroughly in its role as a colonizer and inflammatory pathogen. It is known to take advantage of multiple cell-surface receptors to invade the pulmonary parenchyma, 12 and once there to interfere with host B-cell immune response 13 and cause granulocyte lysis.
14 It secretes a variety of virulence factors which differ by local isolate, but all of these stimulate host inflammation.
14,15
Sethi et al have explored the role of infectious organisms both in stable COPD and in acute exacerbations.
16 Approximately 50% of AECOPDs are related to colonization with a new microorganism. In particular, H. influenzae, Moraxella catarrhalis, Streptococcus pneumoniae, and Pseudomonas aeruginosa are related to exacerbations. Stable COPD patients are also colonized with pathogens 25%-50% of the time.
16
Much of the research on the clinical consequences of MRSA colonization has focused on patients with CF. Cystic fibrosis patients experience a more rapid rate of decline in FEV1 when colonized with MRSA, which suggests that MRSA colonization may have similar effects on COPD patients.
6 Moreover, patients with CF who are colonized with MRSA require more courses of intravenous antibiotics and have a worse radiographic appearance than CF patients who are not colonized.
7
This supports the hypothesis that MRSA is likely to be associated with worse outcomes when COPD patients become colonized. However, the prevalence of MRSA 18 Outcomes in surgical, dialysis, intensive care unit, and transplant patients colonized with MRSA are also worse, primarily due to increased invasive MRSA infections. 19, 20, 21, 22, 23 Although this study illustrates an association between MRSA colonization and complex hospitalizations in patients with AECOPD, some limitations are worthy of mention. The patients enrolled were from a single institution and may not represent the entire COPD population, and patients were selected based on whether testing was performed. In addition, the study did not differentiate between patients with a single positive screening test for MRSA and persistently positive patients. Also, the time of colonization and duration of colonization is not known in these patients. Although efforts were made to determine if patients colonized with MRSA were more ill than patients not colonized, colonization may still be a marker of patients with more severe disease, rather than a contributor to the pathogenesis of COPD and AECOPD. This study did not address the question of whether decolonization may impact outcomes. Prior research has revealed that decolonization resulted in decreased transmission of MRSA.
24 In our study, the rate of MRSA colonization among screened patients was high. We believe this to be related to selection bias in those screened, as those meeting criteria for screening had more risk factors for MRSA than the general population of patients being admitted for AECOPD. Therefore, findings from this population may not be broadly applicable to other institutions or to other patients with COPD. Finally, this study examined only short-term outcomes in hospitalized COPD patients colonized with MRSA. The effect of colonization on lung function and quality of life and the effect of colonization on stable COPD patients have yet to be determined. Prospective studies are needed to further explore these questions.
Despite these limitations, this study found that patients hospitalized for AECOPD, when colonized with MRSA, required more antibiotics and a longer length of hospital stay. They were also more likely to require intensive care and non-invasive ventilation. These patients had a more significant history of prior hospitalization despite having a similar severity of disease to patients not colonized with MRSA. Positive MRSA screening tests may be associated with poor outcomes in hospitalized patients with AECOPD. Larger studies are needed to corroborate these findings.
